Introduction
============

The most common upper respiratory tract infection in infants and children is infection by rhinovirus (RV)[@B1]. Classically, the most common cause of lower respiratory tract infection (LRTI) is the respiratory syncytial virus (RSV), which sometimes causes a severe LRTI, and as such, many infants with RSV infection require hospitalization[@B2][@B3]. Recent studies have demonstrated that the RV is also an important cause of LRTI in infants[@B4][@B5]. Although some reports have described the importance of the RV in causing an LRTI[@B2][@B4][@B5][@B6], the data pertaining to the clinical significance of RV infections in infants are inconsistent. Some studies presented the evidences that RV is the main organism in 21% and 29% of infants with bronchiolitis, and other studies concluded that RV respiratory infection was not significantly associated with any age group.

T cells play a crucial role in antiviral immunity. During invasion of respiratory viruses into the lung, innate immunity is activated to inhibit viral replication, followed by virus-specific adaptive immune responses. The helper T cells (TH) play key roles in the humoral and cellular adaptive immune responses, and are differentiated into TH1, TH2, TH17, and regulatory T cell (Treg) according to cytokine production profiles. In infections with RSV and RV, TH2 cells develop and Treg cells inhibit virus-specific T cell responses[@B7][@B8]. Nonetheless, few studies have compared the differences in the cytokine expression profiles among infants with wheezing according to the viral species responsible for the infection.

The aim of this study was to evaluate whether infants with RV infection induced wheezing have different cytokine profiles on the acute stage in comparison to infants with RSV infection induced wheezing.

Materials and methods
=====================

1. Patient population
---------------------

The enrolled patients were infants up to 12 months of age who were hospitalized from September 2011 to May 2012 with an LRTI at a single medical center. LRTI was diagnosed clinically (by presentation of crackles, wheezing, decreased breath sounds, hypoxia, and tachypnea) and radiologically (through the finding of consolidation, atelectasis, and infiltration) with or without fever. The patients with a dual viral infection or infections by metapneumovirus, adenovirus, corona virus, parainfluenza virus, influenza virus, or bocavirus were not included in the analysis. To compare the clinical characteristics and serum cytokine expression profiles, we allocated the patients into 2 groups as follows: RV infected patients and RSV infected patients.

2. Clinical pattern
-------------------

Clinical characteristics were assessed by reviewing those previously reported in the clinicians\' records. Data were collected for the following parameters: age, duration of fever and cough before hospitalization, duration of fever after hospitalization, and breathing sounds. In addition, patient birth history, past history of LRTI, past history of medication use, need for oxygen therapy (evaluated via transcutaneous oxygen saturation) and corticosteroid therapy, antibiotic use, and length of hospital stay were also investigated.

3. Sample collection and laboratory analysis
--------------------------------------------

To identify the respiratory viral pathogens, nasal or throat swabs were taken from each patient on the day of admission. The real-time reverse transcription polymerase chain reaction (RT-PCR) assay was performed on swabs specimens (RV 12 ACE Detection, Seegene, Seoul, Korea). This RT-PCR assay was capable of detecting metapneumovirus, adenovirus, corona virus 229E/NL63, parainfluenza virus 1/2/3, influenza A/B virus, coronavirus OC43/HKU1, RV A/B, and RSV A/B.

Serum samples for cytokine analysis were obtained at admission and stored at −70℃ until assayed. Ten cytokines were assayed for in the serum samples (interferon-gamma \[IFN-γ\], interleukin \[IL\]-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, and interferon-inducible protein-10 \[IP-10\]) using a customized Milliplex MAP Human Cytokine/Chemokine Panel (\#HCYP2MAG-62K and \#HCYTOMAG-60K, Millipore, Billerica, MA, USA) and the multiplex assay with the Luminex 200 Total System (Luminex Corp., Austin, TX, USA). Minimal detectable levels were as follows: IFN-γ (0.4 pg/mL), IL-2 (0.4 pg/mL), IL-4 (4.5 pg/mL), IL-5 (0.1 pg/mL), IL-6 (0.4 pg/mL), IL-8 (0.3 pg/mL), IL-10 (0.3 pg/mL), IL-13 (0.3 pg/mL), IP-10 (1.2 pg/mL).

Several laboratory values were obtained on the admission day including: white blood cell count (WBC), neutrophil subset, lymphocyte subset, erythrocyte sedimentation rate (ESR), C-reactive protein levels, and liver function test results.

4. Data analysis
----------------

All statistical analyses were performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Clinical data were displayed as a median and interquartile range ([Table 1](#T1){ref-type="table"}) and laboratory parameters were displayed as a mean and standard deviation ([Table 2](#T2){ref-type="table"}). Comparisons between the groups were performed using the nonparametric Mann-Whitney *U* test. Correlations between cytokine concentration and clinical or laboratory data were performed by calculating the Spearman correlation coefficient (*r*). *P* values of \<0.05 were considered significant.

5. Ethics
---------

Study approval was obtained from the Institutional Review Board (IRB) at the Keimyung University School of Medicine (2016-02-048). Written informed consent was waived by IRB.

Results
=======

1. Patients\' characteristics
-----------------------------

Total 123 infants were confirmed by respiratory virus RT-PCR and hospitalized. Of these 123 patients, a total of 88 patients were enrolled in this study, including 38 with RV infections (RV group) and 50 with RSV infections (RSV group). The characteristics of each group are listed in [Table 1](#T1){ref-type="table"}.

Of the patients, 62% were male, and the proportion of each sex was not significantly different between the groups. The median age at admission was 3.5 months (interquartile range \[IQR\], 1--6 months) in the RV group and 2.7 months in the RSV group (IQR, 2--4 months), which were not significantly different between the groups. The proportion of preterm babies that were born was not significantly different between the groups. The RV group had more patients who had a past history of LRTI or neonatal pulmonary disease compared to the RSV group ([Table 1](#T1){ref-type="table"}) (*P*\<0.001)

2. Clinical characteristics
---------------------------

The clinical characteristics for each patient are listed in [Table 1](#T1){ref-type="table"}. The duration of fever and cough before hospitalization were not significantly different between the groups. On the 1st day of admission, 2 patients in the RV group and 2 patients in the RSV group experienced hypoxia (room air saturation\<92%)[@B9], and the frequency of hypoxia on the 1st day of admission was not significantly different between two groups. Wheezing was present in 48% of the patients (45% of patients in the RV group and 74% of patients in the RSV group), and the frequency of wheezing was higher in the RSV group than in the RV group (*P*=0.005).

No significant differences were found between the 2 groups with regards to the duration of fever after hospitalization, administration of antibiotics, and duration of hospital stay. When patients showed aggravated respiratory symptoms (dyspnea or hypoxia) during hospitalization, we added oxygen therapy and systemic corticosteroid administration. Despite of our policy for treatment, the requirement for additional oxygen therapy was not significantly different between the 2 groups, However, the number of patients that required systemic corticosteroid administration was greater in the RSV group than in to the RV group (*P*=0.001).

3. Laboratory tests
-------------------

The RV group showed a higher WBC count, neutrophil subset and ESR, and a lower lymphocyte subset in comparison to the RSV group (*P*=0.025, *P*=0.003, *P*=0.001, and *P*=0.002, respectively) ([Table 2](#T2){ref-type="table"}). The other serologic and radiologic results were not significantly different between the 2 groups.

4. Cytokines profiling
----------------------

Of the T-helper 1-type cytokines, the concentration of IFN-γ was lower in the RV group compared to the RSV group, although it was not significantly different (10.29±9.25 pg/mL vs. 12.23±11.23 pg/mL, *P*=0.474). In the RV group, the concentration of IFN-γ was higher in the patients with wheezing than in the patients without wheezing, and this finding was significantly different (14.88±9.24 pg/mL vs. 9.68±10.49 pg/mL, *P*=0.022) ([Fig. 1](#F1){ref-type="fig"}). In the RSV group, the concentration of IFN-γ did not reach statistical significance between in the patients with wheezing and in the patients without wheezing (10.57±5.71 pg/mL vs. 15.19±7.96 pg/mL, *P*=0.105) ([Fig. 1](#F1){ref-type="fig"}). Especially, the concentration of IFN-γ was not significantly different between the RV group with wheezing and the RSV group with wheezing (14.88±9.24 pg/mL vs. 10.57±5.71 pg/mL, *P*=0.155) ([Fig. 1](#F1){ref-type="fig"}), in contrast with significant difference between the RV group without wheezing and the RSV group without wheezing (9.68±10.49 pg/mL vs. 15.19±7.96 pg/mL, *P*=0.019) ([Fig. 1](#F1){ref-type="fig"}).

The concentration of IL-12 was significantly higher in the RSV group than in the RV group (3.04±2.25 pg/mL vs. 2.36±2.86 pg/mL, *P*=0.028); however, there was no significant difference between patients with wheezing and without wheezing (2.71±2.66 pg/mL vs. 2.38±2.77 pg/mL, *P*=0.184). The concentration of IL-12 was not significantly different between the RV group with wheezing and without wheezing, between the RSV group with wheezing and without wheezing, between the RV group with wheezing and the RSV group with wheezing, and between the RV group without wheezing and the RSV group without wheezing.

The concentration of IL-10 was not found to be different between the RV group and the RSV group (18.93±16.17 pg/mL vs. 23.34±15.44 pg/mL, *P*=0.08); however, there was significant difference between patients with wheezing and without wheezing (23.74±16.14 pg/mL vs. 10.77±11.95 pg/mL, *P*=0.001). In the RV group, the concentration of IL-10 was higher in the patients with wheezing than in the patients without wheezing, and this finding was significantly different (25.70±16.43 pg/mL vs. 11.31±11.95 pg/mL, *P*=0.007) ([Fig. 2](#F2){ref-type="fig"}). In the RSV group, the concentration of IL-10 did not reach statistical significance between in the patients without wheezing and in the patients with wheezing (23.80±16.13 pg/mL vs. 21.86±12.89 pg/mL, *P*=0.965) ([Fig. 2](#F2){ref-type="fig"}). Especially, the concentration of IL-10 was not significantly different between the RV group with wheezing and the RSV group with wheezing (25.70±16.43 pg/mL vs. 23.80±16.13 pg/mL, *P*=0.801) ([Fig. 2](#F2){ref-type="fig"}), in contrast with significant difference between the RV group without wheezing and the RSV group without wheezing (11.31±11.95 pg/mL vs. 21.86±12.89 pg/mL, *P*=0.035) ([Fig. 2](#F2){ref-type="fig"}).

The T-helper 2-type cytokines (IL-4, IL-5, and IL-13) and other inflammatory cytokines (IL-6, IL-8, and IP-10) were not significantly different between the 2 groups and between patients with wheezing and without wheezing.

A correlation between cytokine levels and laboratory or clinical results was not found.

Discussion
==========

In this study, we assessed cytokine profiles between RV infection induced wheezing and RSV infection induced wheezing on the acute stage of infection. We detected that both RV and RSV infections with wheezing were primarily similar expression of cytokines from T-regulatory cells such as IL-10, and with partially increased IFN-γ concentration among the 10 cytokines.

RV is the main pathogen that is responsible for causing the common cold and pediatric asthma attacks[@B10][@B11]. In both the Emergency Department and outpatient clinics, in addition to the RSV, the RV is a common pathogen responsible for causing wheezing among infants[@B12][@B13]. In our study, the virus that was the major viral pathogen responsible for causing LRTI in infants was the RSV, which was responsible for LRTI in up to 40.7% of the hospitalized children and was followed by the RV (30.9%). These results are consistent with the findings of other studies[@B1][@B3].

The present study demonstrated that there were no significant differences in the clinical characteristics between the RV LTRI group and the RSV LTRI group, although more patients in the RV LTRI group had a history of previous respiratory infection compared with the RSV LTRI group. In a previous study that compared the clinical pattern of RV and RSV infections in infants with bronchiolitis[@B5], they found that infants with a RV infection and those with a RSV infection showed similar clinical symptoms like the present study. They also described that the infants with a RV infection were older and more often had atopic dermatitis and eosinophilia[@B5]. They supposed that RV-associated wheezing may be significantly associated with atopy predisposition.

Recent studies demonstrated that when T-helper 1, T-helper 2, and T-regulatory cell type cytokine expressions between RV and RSV induced early wheezing in pediatric patients were compared, the RV group had higher IFN-γ, IL-13, and IL-10 concentration than the RSV group[@B14][@B15]. They concluded that the RV seems to trigger early wheezing in children with an allergic phenotype. Although the age of the enrolled patients was different in the present study, we also experienced that the concentrations of IFN-γ and IL-10 were significantly high in the RV induced LRTI and associated with wheezing in RV-induced LRTI.

IFN-γ is a pro-inflammatory and immune-regulatory cytokine related to nonspecific defense mechanism. It is secreted from neutrophils at the site of the viral infection, and inhibits viral replication[@B11]. Infants hospitalized with severe RSV disease had a reduction in IFN-γ levels in nasopharyngeal aspirates and a decreased expression of IFN-γ by peripheral blood mononuclear cells[@B16][@B17]. In addition, IFN-γ can induce airway hyper-responsiveness and tends to aid in the development of wheezing[@B18]. A previous study also demonstrated that the expression levels of IFN-γ were higher at the time of RV infection and played an important role in RV-induced early wheezing[@B18]. The present study showed that IFN-γ levels had not only RSV induced LRTI with or without wheezing but also RV induced LRTI with wheezing like the previous studies. IFN-γ showed a significant relation to wheezing in RV-induced LRTI.

IL-10 is an anti-inflammatory cytokine whose immunomodulatory action is well-known[@B19]. In our previous pediatric study, IL-10 levels were significantly higher in H1N1 patients infected in 2009 who presented with severe pneumonia in comparison to mild pneumonia[@B20]. These findings may suggest that because of the anti-inflammatory and immunomodulatory properties of IL-10, elevated IL-10 levels present in severe disease may have additional effects that aid in the control of the disease. Similar to H1N1 infection, in previous study regarding cytokine gene expression in the induced sputum from children with virus induced acute asthma, it was demonstrated that IL-10 mRNA was increased in virus induced acute asthma, which was reduced upon the recovery phase[@B21]. During RSV induced inflammation, especially severe RSV infection, Th2-, Th9-, and Th17-related cytokines are elevated. Murine studies presented that the combined actions of regulatory factors such as CD4 regulatory T cells and IL-10 inhibits the inflammatory cytokine response and limit RSV-induced disease[@B22]. Another study also demonstrated that the IL-10 level was higher in the acute phase than the convalescent phase in both RV and RSV infections, which was significantly different in comparison to the control group[@B14]. The increased IL-10 level found during an acute viral infection may suggest resolution of the inflammatory process. There is evidence that patients with a decreased IL-10 response could have a greater inflammatory response to viral infections and an increased risk for recurrent wheezing[@B23][@B24].

The recent study reported the interplay between IL-10 and IFNs. They concluded that innate IFNs take the antiviral and anti-inflammatory immune response in normal subjects with viral infection, and IL-10 is secreted simultaneously and may induce regulatory T cells and control inflammation[@B19]. In the present study, IFN-γ and IL-10 levels had a significant relation to wheezing in RV-induced LRTI.

Previous study in murine models showed the relation between IL-12 and IFN-γ in virus infection[@B25]. In addition, previous studies also reported that the role of Th2-type cytokines (IL-4 and IL-5), IL-2 and IL-12 in RV infections were less pronounced. These studies presented that Th2-type cytokines may reflect a chronic inflammation of lower respiratory tract and a susceptibility to more severe RV-infections[@B26][@B27]. Some studies compared the differences of cytokines between RV and RSV and they concluded that the RV infection had markedly higher systemic levels of IL-5 and IL-13 than RSV infection when there was a close correlation between RV infections and atopic characteristics[@B5][@B28]. Unlike previous studies, we could not find any significant differences of Th2-type cytokines, IL-12 and IL-13 between RV and RSV infections. These results may be related that enrolled patients were very young and did not show definite atopic characteristics from their past history.

The limitation of our study includes the facts that there were a small number of subjects and a lack of an estimate of infected viral loads. Although the patients had a respiratory tract infection, we only conducted an analysis on their serum cytokine levels. In addition, there were no long-term follow-up results regarding the progress of their infection including the occurrence of infantile asthma or other allergic phenotypes.

In conclusion, RV induced LRTI is as important as RSV induced LRTI, and, if wheezing is combined with RV induced LRTI, this may have clinical significance and display similar characteristics to RSV induced LRTI. In addition, RV induced LRTI combined with wheezing showed similar levels of IFN-γ and IL-10 in comparison with RSV induced LRTI. IFN-γ and IL-10 may have an important regulatory function in acute viral induced wheezing.
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###### Comparison of clinical manifestations between the RV and RSV groups

![](kjped-60-296-i001)

  Variable                            RV (n=38)       RSV (n=50)
  ----------------------------------- --------------- ---------------
  Male sex                            23 (60.5)       31 (62.0)
  Median age (mo)                     3.5             2.7
  Past history                                        
   Prematurity                        7 (18.4)        4 (8.0)
   RDS                                1 (2.6)         2 (4.0)
   BPD                                3 (7.9)         0 (0)
   Previous respiratory infection     11 (28.9)^\*^   1 (2.0)
  Present illness                                     
   Fever history                      17 (44.7)       13 (26.0)
   Hypoxia (oxygen saturation\<92%)   2 (5.3)         2 (4.0)
   Rale                               21(55.3)        37 (74.0)
   Wheezing                           17 (44.7)       37 (74.0)^\*^
  Treatment                                           
   Systemic steroid                   9 (23.7)        50 (100)^\*^
   Inhaled steroid                    23 (60.5)       31 (62.0)
   Oxygen supply                      7 (18.4)        10 (20.0)

Values are presented as number (%).

RV, rhinovirus; RSV, respiratory syncytial virus; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia.

^\*^*P*\<0.05, statistically significant difference between the groups.

###### Comparison of laboratory data between the RV and RSV groups

![](kjped-60-296-i002)

  Variable         RV group                 RSV group
  ---------------- ------------------------ -------------------
  WBC (/mm^3^)     13,318.80±5,551.56^\*^   9,942.59±3,194.26
  Neutrophil (%)   42.56±20.42^\*^          26.89±16.36
  Lymphocyte (%)   42.04±14.97^\*^          56.22±14.83
  ESR (mm/hr)      23.96±18.76^\*^          11.31±16.63
  CRP (mg/dL)      2.30±5.59                0.88±1.74
  AST (IU/L)       40.76±16.08              63.89±125.13
  ALT (IU/L)       31.96±30.07              59.15±144.44

Values are presented as mean±standard deviation.

RV, rhinovirus; RSV, respiratory syncytial virus; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate transaminase; ALT, alanine Transaminase; WBC, total white blood cell count.

^\*^*P*\<0.05, statistically significant difference between the groups.
